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doi:10.1016/j.ejvs.2009.10.017Abstract Objectives: We aim to study whether the diameter of the non-aneurysmatic infra-
renal aorta influences the risk for abdominal aortic aneurysm (AAA) and whether the larger
diameter in men can explain the male predominance in AAA.
Design: This is a population-based follow-up study.
Materials and methods: In 4265 men and women with a normal-sized aorta in 1994-1995, 116
incident cases of AAA were diagnosed 7 years later. The risk of an incident AAA was analysed in
a multiple logistic regression model according to baseline maximal infrarenal aortic diameter,
adjusted for known risk factors.
Results: Compared with subjects with aortic diameter in the 21-23 mm bracket, men and
women with a diameter <18 mm and 27 mm had an adjusted odds ratio (OR) of 0.30 (95%
confidence interval (CI): 0.10e0.88) and 4.22 (95% CI: 1.94e9.19), respectively, for an incident
AAA. When adjusted for age and baseline aortic diameter, male sex was not statistically signif-
icantly associated with the incidence of AAA (ORZ 1.45, 95% CI: 0.93e2.30, PZ 0.10).
Conclusions: Increased baseline diameter of the infrarenal aorta was a highly significant,
strong and independent risk factor for developing an AAA. The larger aortic diameter in men
than in women may be the most important explanation for the higher AAA risk in men.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Abdominal aortic aneurysm (AAA) is a practically asymp-
tomatic condition until a possible rupture. If so, however,
65e85% of the patients die. Approximately 1% of all deaths3 07 00 00, þ47 922 922 87
kshospitalet.no (S. Solberg).
ty for Vascular Surgery. Publishein industrialised countries are caused by rupture of AAA.1
Screening programmes for AAA have been suggested2 to
reduce the mortality from AAA, and make it even more
important to increase the understanding of risk factors and
risk groups for this condition.
Based on several epidemiological surveys, the following
risk factors for AAA have been identified: male sex, high age,d by Elsevier Ltd. All rights reserved.
Diameter of Infrarenal Aorta as Risk Factor 281smoking, hypertension, hypercholesterolaemia and a family
history of AAA.1,3e8 However, the aetiology of AAA is not
completely understood. Inflammation, autoimmunedisorder,
infection and enzymatic alterations within the aortic wall
have been studied and reviews are presented,9e11 but no
firm conclusion can be drawn. The mechanism by which
hypertension is a risk factor for AAA is likely through an
increase in the pressure gradient over the aortic wall that
leads to an increased force for dilating the wall and
increase the diameter. The theoretical basis behind this is
given in the equation formulated by the French physicist
Laplace stating that an increase in the diameter of the
lumen further increases the force for additional dilation.
This is in accordance with the fact that the growth rate of
AAAs increases with increasing diameter of the lumen.12,13
The biological or genetic basis for the increased risk in
first-degree relatives of patients with AAA has not been
detailed.14,15 The male predominance in arterial aneur-
ysmatic diseases has been observed since the 1820s by Sir
Asthley Cooper in London. The lack of an explanation for
the underlying mechanism behind the male predominance
in AAA has recently been expressed.16 The size of the aorta
may be a common explanation, but how the native diam-
eter of the non-aneurysmatic infrarenal aorta influences
the risk for developing an AAA has not been established.
In the present report from a population-based survey
including both men and women, we have studied the
impact of the maximal diameter of the non-aneurysmatic
infrarenal aorta on the risk for developing an AAA in 4265
individuals over a 7-year follow-up.Material and methods
The Tromsø Study is a population-based, prospective study
of the inhabitants of the municipality of Tromsø, Norway.
The study design includes repeated surveys to which total
birth cohorts and random samples are invited. The aim of
the study is to increase our knowledge concerning deter-
minants of chronic diseases, including cardiovascular
diseases. The study has been approved by the local
committee for research ethics.
In the fourth Tromsø study, in 1994e1995, 6892 men and
women aged 25e84 years were examined by ultrasound to
measure the aortic diameter and to assess the prevalence
of AAA. All subjects aged 55e74 years and a random 5e10%
sample in the other age groups were eligible for the
ultrasound examination. The abdominal aorta was exam-
ined by ultrasound (Acuson, 128 XP B-mode Doppler (Acuson
Corporation, Mountain View, CA, USA)) with a 3.5-MHz
sector probe. The diameter was measured with electronic
calipers from the leading edge of the near wall to that of
the far wall in the anterioreposterior plane and from the
right to the left leading edge in the transverse plane. The
measurements in 1994e1995 and in 2001 have been simi-
larly performed. All measurements were made online on
frozen images and registered in millimetres.
An AAA was diagnosed if (1) the aortic diameter at the
level of the renal arteries was 35 mm or more; or (2) the
infrarenal aortic diameter in either plane was 5 mm larger
than the diameter at the level of the renal arteries.
Furthermore, for clinical safety, the diagnosis was made ifa dilation of the abdominal aorta was observed but exact
measurement was not achieved. Other details concerning
study design, results and quality of ultrasound measure-
ments have been presented.7,8,17
In the fifth Tromsø study in 2001, 4699 men and women
who in 1994e1995 had been subject to ultrasound exami-
nation of the abdominal aorta were re-scanned. The same
measurements were registered and the same definition of
AAA was applied. The details have been presented by For-
sdahl et al.8 The present analyses include 4265 subjects
who in 1994e1995 had a non-aneurysmatic abdominal aorta
with an accurate measurement of the maximal infrarenal
aortic diameter. In 2001, we identified 116 incident AAA
cases in these 4265 subjects. The concordance between
classification of an AAA according to the definition above
and a maximal infrarenal aortic diameter 30 mm was high
(kappaZ 0.67).8
Information about physical activity in leisure, smoking
habits and anti-hypertensive medication was obtained from
self-administered questionnaires. Smoking was categorised
into seven groups: never-smokers, ex-smokers (<10 years
since stopped smoking, 10e19 years since stopped smoking
and 20 years since stopped smoking) and current smokers
(<10 cigarettes per day, 10e19 cigarettes per day and 20
cigarettes per day). In addition, standardised measure-
ments of height, weight, waist, hip and blood pressure were
carried out and blood samples taken and analysed, as
detailed elsewhere.8 Hypertension was defined as systolic
blood pressure >160 mmHg or diastolic blood pressure
>95 mmHg, or ever use of anti-hypertensive medication.
Statistical analysis
The age of the subjects by 31 December 1994 was included
in the analysis as age at the baseline ultrasound examina-
tion. The maximal infrarenal non-aneurismal aortic diam-
eter was categorised into five groups (<18 mm, 18e20 mm,
21e23 mm, 24e26 mm and 27 mm). The reference cate-
gory 21e23 mm was chosen, because it includes the highest
number of AAA cases.
Incident AAA was the dependent variable in the multiple
logistic regression models, and maximal aortic diameter
was the main explanatory variable. All analyses were
adjusted for age and sex. In the multivariate analyses, we
adjusted for the variables found to be statistically signifi-
cantly (P< 0.05) associated with incident AAA in this pop-
ulation; that is, age, sex, serum total cholesterol, serum
HDL, use of statins, hypertension and smoking.8
Ninety-five percent confidence intervals were calcu-
lated. Two-sided P-values were used throughout, and
P< 0.05 was considered to indicate statistical significance.
All statistical analyses were performed using the SPSS
software (SPSS Inc., Chicago, IL, USA).
Results
The present population consists of 4265 subjects (1990 men
and 2275 women). Table 1 presents the baseline charac-
teristics of the population. Mean age was 58.7 (standard
deviation (SD) 9.2) years in men and 59.9 (SD 9.6) years in
women. Mean baseline maximal infrarenal aortic diameter
Table 1 Means, SDs, and proportions of selected baseline characteristics of the study population. Tromsø; Norway,
1994e2001.
Men (nZ 1990)a Women (nZ 2275)a Both sexes (nZ 4265)a
Mean SDb Mean SD Mean SD
Age (years) 58.7 9.2 59.9 9.6 59.4 9.5
Height (cm) 175.5 6.7 161.8 6.2 168.2 9.4
Weight (kg) 80.2 11.4 67.8 11.0 73.5 12.8
BMI (kg/m2) 26.0 3.04 25.9 4.1 26.0 3.6
Waist/hip ratio 0.91 0.06 0.82 0.06 0.86 0.08
Serum total cholesterol (mM/L) 6.54 1.17 6.89 1.31 6.73 1.26
Serum HDL cholesterol (mM/L) 1.40 0.39 1.69 0.42 1.56 0.43
Serum triglycerides (mM/L) 1.77 1.13 1.53 0.90 1.64 1.02
Serum creatinine (mM/L) 75.1 15.2 60.9 11.1 67.5 15.0
GFRc 95.8 17.9 90.4 17.8 92.9 18.1
Plasma fibrinogen (mM/L) 3.23 0.85 3.38 0.78 3.31 0.82
White blood cell count (109/L) 7.00 1.91 6.70 1.77 6.83 1.84
Diastolic blood pressure (mmHg) 84.6 11.6 81.1 13.0 82.8 12.5
Systolic blood pressure (mmHg) 143.5 19.4 142.9 23.0 143.2 21.4
Hypertension (%) 31.0 31.9 31.3
HbA1C (%) 5.42 0.61 5.47 0.62 5.45 0.62
Haemoglobin (g/dl) 14.75 0.96 13.58 0.88 14.12 1.09
Inactivity (%) 31.2 44.4 38.1
Statin use (%) 1.4 1.5 1.5
Current smoker (%) 29.1 27.7 28.4
Ever smoker (%) 49.6 25.3 36.6
Never smoker (%) 21.3 47.0 35.0
Alcohol consumption (times/month) 3.2 4.7 1.6 3.0 2.3 3.9
Cardiovascular disease (%) 13.9 8.6 11.1
Diabetes mellitus (%) 2.0 2.0 2.0
Family history of AAA (%) 6.1 8.5 7.3
a Number may vary somewhat due to missing information.
b SD, standard deviation.
c GFR, glomerular filtration rate.22
282 S. Solberg et al.was 21.8 (SD 2.4) mm in men and 19.4 (SD 2.4) mm in
women. The main group (41%) of the population had
a maximal diameter within 18e20 mm. However, whereas
50% of women had a diameter between 18 and 20 mm, 47%
of the men had a diameter in the 21e23 mm range. There
were 81 (4.1%) incident cases of AAA in men and 35 (1.5%) in
women (Table 2).
Table 2 and Fig. 1 display the relationships between
baseline maximal infrarenal aortic diameter measured in
1994e1995 and the risk of AAA 7 years later. A highly
significant (P< 0.001 for linear trend) relationshipwas found
between the aortic diameter and AAA risk. Of note,
comparing subjects with a diameter<18 mmwith those with
a diameter27 mm, the latter group of subjects had 22 (95%
CI: 7e76) times higher AAA risk. Further adjustment for the
risk factors for AAA (right column, Table 2) only slightly
attenuated the strong relationship between aortic diameter
and AAA incidence. There was no significant interaction with
sex, and we observed the relationship both in subjects under
70 years at baseline and in those 70 years and older.
In a simple model, including only sex and age as
predictors for AAA, male sex was a significant predictor for
AAA (ORZ 3.06, 95% CI: 2.04e4.58, P< 0.001). However,
when also adjusting for baseline aortic diameter, the effect
of sex was clearly attenuated and did not reach statisticalsignificance (ORZ 1.45, 95% CI: 0.93e2.30, PZ 0.10).
Further adjustment for smoking (including 115 incident
cases of AAA) reduced this point estimate to 1.40 (95% CI:
0.87e2.24, PZ 0.16).Discussion
This study shows that increased diameter of a non-aneur-
ysmatic infrarenal aorta is a pronounced and highly signif-
icant independent predictor for developing AAA. The
present article is, to our knowledge, the first comprehen-
sive, population-based follow-up study, including both men
and women, to report that increased diameter in infrarenal
aorta is a risk factor for developing an AAA.
In a previous cross-sectional study,7 we found that the
95th percentile for the infrarenal aortic diameter increased
with age, whereas the change in the 5th percentile with age
was almost negligible. This phenomenon was seen in both
sexes, but was most pronounced in men.7 Thus, the median
diameter of infrarenal aorta increases less with age than
the mean diameter in the general population. This may
indicate that it is an aorta with a diameter over a certain
limit that is prone to dilate and possibly develop an AAA, or
put in other words: individuals with a larger aortic diameter
Table 2 Number of subjects and odds ratio for incident AAA after 7 years follow-up, according to baseline maximal infrarenal
aortic diameter. Tromsø; Norway, 1994e2001.
Maximal aortic
diameter (mm)
No. of Subjects No. of AAAs (%) ORa 95% CI ORb 95% CI
Males Females Total Males Females Total Males and females Males and females
<18 69 541 610 1 (1.4) 3 (0.6) 4 (0.7) 0.27 0.09e0.77 0.30 0.10e0.88
18e20 591 1139 1730 4 (0.7) 11 (1.0) 15 (0.9) 0.30 0.16e0.55 0.32 0.18e0.59
21e23 925 507 1432 33 (3.6) 14 (2.8) 47 (3.3) 1.0 Reference 1.0 Reference
24e26 359 75 434 34 (9.5) 5 (6.7) 39 (9.0) 2.62 1.67e4.10 2.42 1.50e3.89
27 46 13 59 9 (19.6) 2 (15.4) 11 (18.6) 5.90 2.83e12.29 4.22 1.94e9.19
Total 1990 2275 4265 81 (4.1) 35 (1.5) 116 (2.7)
P for linear trend <0.001 <0.001
a OR: odds ratio with 95% confidence interval, adjusted for age and sex.
b Odds ratio adjusted for age, sex, serum total cholesterol, serum HDL, statins, hypertension and smoking. The adjusted analysis
includes 115 incident AAAs.
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et al.18 have recently reported that the growth rate of
larger non-aneurysmatic aorta was higher than the smaller
non-aneurysmatic aorta. However, the finding was based on
hospital patients, many with serious co-morbidity. In
a population study including men only, Devaraj and Dodds19
found that non-aneurysmatic, ectatic abdominal aorta
(diameter 26e29 mm) was associated with an increased risk
of developing into an AAA. Similar findings in men in general
practice have been reported by Hafez et al.20
The baseline mean maximal infrarenal aortic diameter in
the population included here is 21.8 mm in men and
19.4 mm in women. We observed that men had statistically
significantly higher risk of AAA than women before, but not
after, adjustments for infrarenal aortic diameter were
undertaken. Thus, our findings strongly suggest that the
difference in aortic size is one important explanation for
the male predominance in AAA risk.
Recently published data from the Tromsø study demon-
strated a positive correlation between the diameters of the
common carotid artery, the common femoral artery and theFigure 1 Odds ratio for AAA after 7 years, according to
baseline maximal infrarenal aortic diameter. Adjusted for age,
sex, serum total cholesterol, serum HDL, statins, hypertension
and smoking (P< 0.001 for linear trend).infrarenal aorta.21 Further, the diameter of the common
carotid artery was positively correlated to the prevalence of
AAA.21 This gives support to the view that a generalised
tendency for wider arterial diameter increases the risk for
AAA. An inborn wide abdominal aorta may thus be the mech-
anism underlying the tendency for increased risk in families
with AAA.
There is no generally accepted definition of an AAA, and
the larger, non-aneurysmatic aortas found in 1994e1995
might be defined as a small AAA if applying another definition
(e.g., infrarenal aortic diameter 30 mm). However, the
same definition for AAA has been used in both our surveys.
Furthermore, the association between infrarenal diameter
and increased risk for AAA also applies to aortic diameters
much smaller than any study has defined as an AAA.
Our data do not provide a basis for firm or strong advice
for clinical practice. However, they suggest that a confirmed
measurement of an aortic diameter>26 mm indicate amore
than 2% annual absolute risk of an incident AAA. These
subjects (approximately 1.5% of this population) may be
candidates for bi-annual ultrasound examination also
because they have an increased risk of other cardiovascular
diseases.23 Smokers should be prioritised.
In conclusion, we have found that the diameter of the
native, non-aneurysmatic infrarenal aorta is a highly
significant, independent and strong risk factor for incident
AAAs. The higher mean aortic diameter in men than in
women may be the main explanation for the well-estab-
lished higher AAA risk in men than in women. Thus, it may
be an inborn wide infrarenal abdominal aorta in combina-
tion with other risk factors such as smoking, hypertension
and dyslipidaemia that may cause the development of an
AAA over time.
Funding
The study was supported by grants from the Norwegian




284 S. Solberg et al.Acknowledgements
The study was conducted in co-operation with the Norwe-
gian Health Screening Services.
References
1 Collin J, Araujo L, Walton J, Lindsell D. Oxford screening pro-
gramme for abdominal aortic aneurysm in men aged 65 to 74
years. Lancet 1988;332:613e5.
2 Earnshaw JJ, Shaw W, Whyman MR, Poskitt KR, Heather BP.
Screening for abdominal aortic aneurysms in men. BMJ 2004;
328:1122e4.
3 Scott RA, Ashton HA, Kay DN. Abdominal aortic aneurysm in
4237 screened patients: prevalence, development and
management over 6 years. Br J Surg 1991;78:1122e5.
4 Pleumeekers HJ, Hoes AW, van der Does E, van Urk H, Hofman A,
de Jong PT, et al. Aneurysms of the abdominal aorta in older
adults. The Rotterdam study. Am J Epidemiol 1995;142:1291e9.
5 Alcorn HG, Wolfson Jr SK, Sutton-Tyrrell K, Kuller LH, O’Leary D.
Risk factors for abdominal aortic aneurysms in older adults
enrolled in the cardiovascular health study. Arterioscler
Thromb Vasc Biol 1996;16:963e70.
6 Bengtsson H, Sonesson B, Bergqvist D. Incidence and prevalence
of abdominal aortic aneurysms, estimated by necropsy studies
and population screening by ultrasound. Ann NY Acad Sci 1996;
800:1e24.
7 Singh K, Bønaa KH, Jacobsen BK, Bjørk L, Solberg S. Prevalence
of and risk factors for abdominal aortic aneurysms in a pop-
ulation-based study. The Tromsø study. Am J Epidemiol 2001;
154:236e44.
8 Forsdahl SH, Singh K, Solberg S, Jacobsen BK. Risk factors for
abdominal aortic aneurysms. A 7-years prospective study: the
Tromsø study, 1994e2001. Circulation 2009;119:2202e8.
9 Lindholt JS, Shi G-P. Chronic inflammation, immune response
and infection in abdominal aortic aneurysms. Eur J Vasc Endo-
vasc Surg 2006;31:453e63.
10 Shimizu K, Mitchell RN, Libby P. Inflammation and cellular
responses in abdominal aortic aneurysms. Arterioscler Thromb
Vasc Biol 2006;26:987e94.
11 Jagadesham VP, Scott AJ, Carding SR. Abdominal aortic
aneurysms: an autoimmune disease? Trend Mol Med 2008;14:
522e9.12 Solberg S, Singh K, Wilsgaard T, Jacobsen BK. Increased growth
rate of abdominal aortic aneurysms in women. The Tromsø
study. Eur J Vasc Endovasc Surg 2005;29:145e9.
13 Vega de Ce´niga M, Go´mez R, Estallo L, Rodrı´guez L,
Baquer M, Barba A. Growth rate and associated factors in
small abdominal aortic aneurysms. Eur J Vasc Endovasc Surg
2006;31:231e6.
14 Sanford RM, Brown MJ, London NJ, Sayers RD. The genetic basis
of abdominal aortic aneurysms. Eur J Vasc Endovasc Surg 2007;
33:381e90.
15 Thompson AR, Drenos F, Hafez H, Humphries SE. Candidate
gene association studies in abdominal aortic aneurysm disease:
a review and a meta-analysis. Eur J Vasc Endovasc Surg 2008;
35:19e30.
16 Lederle FA, Larson JC, Margolis KL, Allison MA, Freiberg MS,
Cochrane BB, et al. Abdominal aortic aneurysm events in the
women’s health initiative: cohort study. BMJ 2008;337:a1724.
doi:10.1136/bmj.a1724.
17 Singh K, Bønaa KH, Solberg S, Sørlie DG, Bjørk L. Intra- and
interobserver variability in ultrasound measurements of
abdominal aortic diameter. The Tromsø study. Eur J Vasc
Endovasc Surg 1998;15:497e504.
18 Mizowaki T, Sueyoshi E, Sakamoto I, Uetani M. Expansion rate of
nonaneurysmal abdominal aorta: over 10 years of follow-up CT
studies. Comput Med Imaging Graph 2009;33:17e22.
19 Devaraj S, Dodds SR. Ultrasound surveillance of ectatic
abdominal aortas. Ann R Coll Surg Engl 2008;90:477e82.
20 Hafez H, Druce PS, Ashton HA. Abdominal aortic aneurysm
development in med following a ‘‘normal’’ aortic ultrasound
scan. Eur J Vasc Endovasc Surg 2008;36:553e8.
21 Johnsen SH, Joakimsen O, Singh K, Stensland E, Forsdahl SH,
Jacobsen BK. Relation of common carotid artery lumen
diameter to general arterial dilating diathesis and abdominal
aortic aneurysm: the Tromsø study. Am J Epidemiol 2009;
169:330e8.
22 Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL,
Hendriksen S, et al. Using standardized serum creatinine values
in the modification of diet in renal disease study equation for
estimating glomerular filtration rate. Ann Intern Med 2006;145:
247e54.
23 Forsdahl SH, Solberg S, Singh K, Jacobsen BK. Abdominal aortic
aneurysms, or a relatively large diameter on non-aneurysmal
aortas, increase total and cardiovascular mortality. The Tromsø
study. Int J Epidemiol 2009; doi:10.1093/ije/dyp320.
